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Abstract

Aim: The study aims to reveal the relationship between the most common abnormalities of the upper digestive tract and cholelithiasis.

Materials and Methods: This cross-sectional study included 7651 patients, of whom 14318 tested positive for Helicobacter pylori (H. Pylori). Patients who
underwent abdominal ultrasonography (USG) and esophagogastroduodenoscopy (between January 2014 and June 2022) were included. The following
gastroesophageal conditions were examined to determine whether they affect the risk of cholelithiasis: atrophic gastritis (AG), gastric polyps, esophagitis,
bile reflux, gastric ulcers, gastric mucosal erosion, superficial gastritis, and gastric H. Pylori infection. Logistic regression was used to calculate the unadjusted
and adjusted odds ratios (OR) of H. Pylori infection for cholelithiasis occurrence. In addition, we examined whether AG influences the association between
cholelithiasis and H. Pylori infection.

Results: A total of 8753 patients (61.1%) were diagnosed with cholelithiasis. Multivariate logistic regression analysis showed that H. Pylori infection (OR 1.28;
95% Cl 1.10-1.42) and atrophic gastritis (OR 1.38; 95% Cl 1.21-1.41) were significantly associated with cholelithiasis, as were age, female gender (OR 1.82;
95% Cl 1.56-2.01), gastric polyps (OR 1.45; 95% Cl 1.06-1.82). No additional interaction was observed between H. Pylori infection and AG; however, the overall
effect on the risk of cholelithiasis was only slightly greater than the sum of the individual effects.

Discussion: Gastric disorders, such as gastric polyps, H. Pylori infection, and AG, increase the risk of cholelithiasis. However, there was no association between
the development of cholelithiasis and esophagitis, bile reflux, erosive gastritis, gastric ulcers, or superficial gastritis.
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Introduction

Cholelithiasis is a common digestive disease with a high
incidence and relatively low mortality [1]. Cholelithiasis is one
of the most common diseases and its prevalence is increasing
worldwide [2].

Although cholelithiasis is the result of a complex interaction
of genetic, environmental, metabolic, and related conditions,
factors such as advanced age and sex cannot be modified. Diet
and physical activity may be modifiable risk factors [3].
Although there are numerous studies on the risk factors of
cholelithiasis, there is a lack of data on its association with
benign diseases of the stomach.

One-third of detected cholelithiasis cases are symptomatic.
Similar symptoms were observed in gastric pathologies.
Although several studies have examined the relationship
between H. Pylori infection and the risk of cholelithiasis, the
results are still controversial [4, 5]. On the other hand, the
relationship between gastric pathologies such as AG, superficial
gastritis, gastric polyps, bile reflux, esophagitis with gallstone
formation is unknown.

Today, the easy accessibility of esophagogastroduodenoscopy
(EGD) and ultrasonography (USG) procedures facilitates the
diagnosis and treatment of gastric and gallbladder diseases.
Large population-based cohort studies are rare in the
research literature on factors associated with gallstones [5,
6]. Therefore, we performed a retrospective analysis of a
database of 65451 patients who underwent EGD to identify
possible associations between cholelithiasis and various upper
gastrointestinal diseases. We also examined the effect of the
association between AG and H. Pylori infection in cholelithiasis.

Material and Methods

Study Participants

We conducted a cross-sectional study of patients who
underwent EGD and USG at our facility between January 2014
and June 2022. During this period, 65451 patients underwent
gastroscopy and 107218 patients underwent USG. We included
15840 patients with a maximum interval of six months between
EGD and USG. For repeated endoscopies, only the initial data
were considered.

We excluded 1522 patients for the following reasons.

1) If the time between EGD and USG was more than 6 months
2) Technically inadequate or incomplete endoscopy

3) Gastrointestinal surgery.

4) Diagnosis revealed gastrointestinal tumors.

5) Continuous PPl and anti-ulcer drug use

6) Diagnosis of acute cholecystitis, choledocholithiasis, and
cholangitis.

Finally, 14318 participants were included in the analysis. (Figure
1).

A patient flowchart is shown in Figure 1.

Gastrointestinal
performed by specialized gastroscopists. The endoscopy
center database contains descriptive endoscopic findings. The
presence or absence of gastric mucosal atrophy, gastric polyps,
esophagitis, bile reflux, gastric ulcers, gastric mucosal erosion,
and superficial gastritis were considered significant gastric
disorders. The diagnostic criteria for the listed disorders were

(Gl) tract endoscopic examinations were

based on endoscopic and pathological findings.

Analytical Statistics

Categorical data are summarized as frequency (%) and
continuous variables as mean standard deviation (SD). The
chi-square test and Mann-Whitney U-test were used for group
comparisons. Collinearity between the gastric variables was
examined using variance inflation factors, and no correlation
was found.

Univariate logistic regression analysis was used to determine
the association between gastric outcomes and cholelithiasis.
Variables with P < 0.1 were then added to a multivariate
analysis. OR and 95% Cl were used to determine results.
Statistical significance was set at P < 0.05. Data analysis was
performed using R 4.1.2 and SPSS statistics version 23.

The effects we also examined whether the combined effect of
H. Pylori infection or AG on cholelithiasis were greater than the
sum of the individual effects of each factor. Individuals were
divided into four groups according to their H. Pylori and AG
status: H. Pylori (-) and AG (-), H. Pylori (=), AG (+), H. Pylori
(+), AG (=), H. Pylori (+) and AG (+). Using the H. Pylori (-) and
AG (-) groups as the reference analysis, we calculated the ORs
of the other three categories. We assessed the occurrence of
additional interactions by calculating the synergy index (Sl),
attributable rate (AP) due to interaction, and relative excess risk
(RR) due to interaction. The 95% Cl of RR and AP were > 0 and
the 95% Cl of Sl was > 1, indicating a positive interaction; the
95% Cl of RR and AP included O [7].

Ethical Approval

This study was approved by the Ethics Commitee of Istanbul
Medeniyet Univesity (Date: 2022-07-22, No: 254).

Results

Common features of the topics

Of the 14318 registered cases, 8753 (61,1%) had cholelithiasis.
Of the study population, 60.5% were female, and the mean age
was 52,3 years.

Table 1 lists the clinical characteristics of the participants with
cholelithiasis and the controls without cholelithiasis. Age is
expressed as mean (SD), and all other data are expressed as
number (proportion).

Compared with the group without cholelithiasis, patients
with cholelithiasis were older and had a female-to-male sex
ratio of 1.52. They also had higher rates of atrophic gastritis,

107218 cases underwent ulrasonography
(USG) from January 2014 to June 2022

65451 cases underwent gastroscopy
from January 2014 to June 2022

h 4

15840 cases who underwent

gastroscopy and USG simultaneously

or within six months Exclusion of 1522 cases
1- If the time between EGD and
USG is more than 6 months;
2) Technically inadequate or
incomplete endoscopy:

Atotal 14318 cases were included 3)Having und

nosed with
gastrointestinal tumors;
5) Continuous use of PPI,
antiulcer medication;

Figure 1. Study design
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esophagitis, alkaline bile reflux, gastric polyps, gastric ulcers,
erosive gastritis, superficial gastritis, and Helicobacter pylori
infection.

The findings of logistic regressions of the two study populations
are shown in Table 2.

One included all 14318 study participants, while the other
included 7651 cases with H. Pylori (+) data. Univariate analyses

of the two populations were performed. All studies showed that
the risk of cholelithiasis was significantly influenced by age,
sex, gastric polyps, esophagitis, gastric ulcer, erosive gastritis,
superficial gastritis, AG, and H. Pylori.

Multivariate analysis included all indicators of the univariate
analysis (Table 2) (P <0.1). The findings showed that age, sex,
gastric polyps, H. Pylori infection, and AG were independent risk

Table 1. General characteristics of patients with and without cholelithiasis

Parameters (n=14318)

Cholelithiasis (+) (n=8753)

Cholelithiasis (-) (n=5565)

Gender (Female/Male) 8753(%60.5)/ 5565 (%39.5)

Age (years) 52.3 (18-87)
Athrofic gastritis 3579 (24.9%)
Esophagitis 1108 (7.7%)
Gastric ulcus 2254 (15.7%)
Bile reflux 715 (4.9%)
Erozive gastritis 7849 (54.8%)
Superficial gastritis 4772 (33.3%)
Helicobacter pylori (+) 7651 (53.4%)

Gastric polyp 312 (2.2%)

Table 2. Univariate analysis for risk of cholelithiasis

Univariate analysis (N=14318)

Parameters OR (95% Confidence Interval)

5351 (%61.1)/ 3402 (%38.9) 3306 (9%59.4)/ 2259 (%640.6) <0,001
54.9 (19-87) 47.7 (18-85) <0,001

1912 (21.8%) 1657 (29.8%) <0,001

712 (8.1%) 396 (7.2%) <0,001

1520 (17.4%) 734 (13.2%) <0,001

534 (6.1%) 181 (3.2%) <0,001

4042 (46.2%) 3807 (68.4%) <0,001

3521 (24.6%) 1251 (22.4%) <0,001

4599 (52.5%) 3052 (54.8%) <0,001

183 (2.1%) 129 (2.3%) <0,001

Univariate analysis (N=7651)

Age (years) 1.06 (1.06-1.06)

Gender (Female/Male) 1.64 (1.56-1.73)
Atrophic gastritis 1.72 (1.63-1.81)
Esophagitis 1.38 (1.30-1.47)
Gastric ulcer 124 (1.16-1.32)
Bile reflux 0.82 (0.76-0.85)
Erozive gastritis 1.41 (1.36-1.47)
Superficial gastritis 0.62 (0.60-0.66)
Helicobacter pylori pozitive 1.25(1.16-1.42)
Gastric polyp 1.81 (1.76-1.96)

P <0.01
Use a dicimal point () instead of comma to represent a percentage and dicimal figures.
Include a row for p value.

Table 3. Multivariate analysis for the risk of cholelithiasis

Cholelithiasis (+) (N=8753)

Parameters

L OR (95% Confidence Interval)
<0.001 1.06 (1.06-1.07) <0.001
<0.001 1.57 (1.41-1.69) <0.001
<0.001 1.83 (1.64-2.05) <0.001
<0.001 1.29 (1.11-1.52) <0.001
<0.001 1.19 (1.04-1.34) 0018
<0.001 0.77 (0.62-0.98) 0.061
<0.001 1.38 (1.22-1.51) <0.001
<0.001 0.63 (0.57-0.70) <0.001
<0.001 1.24(1.13-1.41) <0.001
<0.001 1.83(1.71-2.09) <0.001

Cholelitiasis(-) (N=5565) OR (95%)

Age (years)
Q1 (<40) 1418 (16.2)
Q2 (40-50) 2205 (25.2)
Q3 (50-60) 2415 (27.6)
Q4 (>60) 2721 (312)
5357 (61.2)
Gender (Female/Male)
3396 (38.8)

Atrophic gastritis 1912 (21.8%)

Esophagitis 712 (8.1%)
H.Pylori 4599 (52.5%)
Gastric ulcer 2254 (25.7%)
Bile reflux 715 (8.2%)
Erozive gastritis 4042 (46.2%)
Superficial gastritis 3521 (40.2%)
Gastric polyp 183 (2.1%)

P <0,01
Effects of H.pylori infection and AG on cholelithiasis, separately and in combination

1864 (33.5) 1
1631 (29.3) 1.84 (1.67-2.15) <0.001
1341 (24.1) 2,64 (2.32-2.99) <0.001
729 (13.1) 3.27 (2.82-3.96) <0.001
3250 (58.4) 1.82 (1.56-2.01) <0.001
2315 (41.6) 1.67 (1.44- 1.96) <0.001
1657 (29.8%) 136 (1.21-1.41) <0.001
396 (7.2%) 1.14 (0.85-1.44) 0.124
3052 (54.8%) 1.28(1.10-1.42) <0.001
1520 (17.4%) 1.06 (0.96-1.22) 0.631
534 (9.6%) 0.91 (0.76-1.16) 0.787
3807 (68.4%) 1.11 (0.96-127) 0328
1251 (22.4%) 0.98 (0.81-1.10) 0.255
129 (2.3%) 1.45 (1.06-1.82) 0012
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factors for cholelithiasis. We also performed a trend test and
stratified age into four quartiles with 10-year intervals. An OR
of 3.27 (95% Cl, 2.82-3.96) (P for trend 0.001) was observed in
those in the highest age quartile (> 60) (Table3).

The incidence of cholelithiasis was 27.5% in AG (-) and H. Pylori
(-) patients, 34,9% in H. Pylori (+) and AG (-) patients, 44,9%
in AG (+) and H. Pylori (-) patients, and 55.6% in AG (+) and H.
Pylori (+) patients. People with AG (OR: 1.78, 95% Cl: 1.56-2.05)
had a higher incidence of cholelithiasis than people without
atrophy and without H. Pylori infection, while people with
H. Pylori infection (OR: 1.13, 95% Cl: 0.99-1.30) had a lower
incidence of cholelithiasis.

However, the relative excess risk attributed to the interaction
was not statistically significant (RR: 0.14 (-0.31-0.55), AP:
0.07 (-0.14-0.26), SI: 1.14 (0.72-1.71). In addition, H. Pylori
infection and AG were associated with a high risk of developing
cholelithiasis.

Discussion

In this study, the USG and typical EGD findings of 14318
individuals were compared. These findings suggest that
individuals with sex, age, gastric polyps, AG, and H. Pylori
infection have an increased risk of developing cholelithiasis. In
addition, individuals with concurrent AG and H. Pylori infections
may have an even higher chance of developing cholelithiasis.
Recently, the link between H. Pylori infection and cholelithiasis
has attracted the attention of several researchers [8, 9, 10].
However, these results have not yet been conclusive. Although
a number of studies have found a link between H. Pylori and
cholelithiasis, other studies have found no link between the two
[17, 12]. We hypothesized that these inconsistent findings may
be partly related to the various H. Pylori detection techniques,
geographic regions, racial groups, and small sample sizes.
Based on 477293 individuals in a nationwide database, a
very large prospective analysis was performed to evaluate the
association between cholelithiasis and the effect of gastric
acid-suppressive drugs on gallbladder histology. The results
showed an association with increased gallstone formation
[13], whereas a retrospective cohort of 27881 individuals
preliminarily evaluated the presence of H. Pylori and concluded
that it may not be associated with the development of
gallstones [14].

According to a previous study, the risk of developing
cholelithiasis was higher in people with intestinal metaplasia,
gastric polyps, and H. Pylori infection, and findings showed that
AG is an important parameter for cholelithiasis [15].

Recently, it has been hypothesized that H. Pylori infection is
associated with a higher risk of developing cholelithiasis when
coexisting with chronic AG [16]. In our study, we found that the
combined effects of H. Pylori infection and AG on cholelithiasis
were only slightly greater than those of each factor individually.
Therefore, we hypothesized that H. Pylori and AG may interact
together and conducted additional research to support this
hypothesis. Therefore, we performed additional tests for
erosive and superficial gastritis. Although our data showed a
positive additive interaction between these two factors and the
likelihood of cholelithiasis, this was not statistically significant.
However, we still recommend, especially in patients with

AG, that H. Pylori eradication may reduce the prevalence of
cholelithiasis; however, this needs to be confirmed in the future
[17]. In addition, cholelithiasis was independently linked to AG
without H. Pylori infection but not solely to H. Pylori infection
alone.

As most AGs are typically caused by H. Pylori infection,
prolonged H. Pylori infection may be more important for the
development of cholelithiasis.

Other theories have been proposed to explain the mechanisms
underlying the association between H. Pylori
and cholelithiasis. First, H. Pylori infection and AG cause
hypergastrinemia, which may help in the development of
cholelithiasis by promoting gallbladder mucosal damage
[18]. Some studies have found a link between gastrin and
cholelithiasis, while others have found the opposite [19, 20].
Second, persistent H. Pylori infection causes chronic AG by
reducing acid secretions. Low gastric acid levels can alter the
gastrointestinal microbiota and cause bacterial overgrowth,
which may contribute to the development of cholelithiasis [20,
21].

Several studies have revealed that the detection rate of H.
Pylori in cholecystectomy is higher than in normal mucosa [21,
22]. Consequently, H. Pylori may locally trigger cholelithiasis by
contacting the mucosa.

In a cohort study, the prevalence of cholelithiasis was higher in
individuals with gastric polyps [22]. However, the mechanisms
involved remain unclear. The majority of gastric fundic gland
polyps, which constitute the majority of gastric polyps, are
symptoms associated with long-term proton pump inhibitor
therapy [23]. Polyps may develop as a result of a decrease in
the gastric acid barrier. Gastric polyps are closely associated
with H. Pylori infection and atrophic gastritis; however, the
physiopathologic explanation for this association is still unclear
[24]. Another hypothesis is that lifestyle, environmental and
hereditary factors may significantly influence the mechanism
underlying this association [24]. In our study, the presence of
gastric polyps was more common in patients with H. Pylori,
and a significant association with cholelithiasis was found in
parallel.

infection

We understand that the risk of cholelithiasis is higher in females
and older participants. Similarly, our study found that women
were more likely to develop cholelithiasis than men were. In
addition, the prevalence of cholelithiasis increases over time
with age, with the highest OR 3.27; 95% Cl: 2.82-3.96) seen in
the older age group.

Therefore, it is necessary to discuss possible flaws in this study.
First, because the present analysis is based on histological
diagnoses and endoscopic findings, there may be subjectivity
and diagnostic variability among observers. Although the lesions
were described on endoscopy, the endoscopists did not biopsy
every lesion. However, our endoscopists applied a standardized
algorithm that enabled them to report similar interpretations
on similar images.

Second, because the study was retrospective, we were unable
to collect data on dietary patterns, lifestyle choices, medical
history, substance use, and other confounding variables, but in
other studies these confounding variables have had little or no
effect on these associations [25]. Third, we used data from only
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one data center; therefore, different groups should establish
the generalizability of our findings. Despite these drawbacks,
our study is the first to examine the link between cholelithiasis
and endoscopically detected gastric abnormalities using a large
sample size.

Independent  risk
gastrointestinal diseases such as gastric polyps, H. Pylori
infection, and AG. In addition, the combination of AG and H.
Pylori infections may cause a marginal increase in the risk of
developing cholelithiasis. However, it is likely that the presence

factors for cholelithiasis include

of cholelithiasis is not associated with conditions such as
esophagitis, bile reflux, gastric mucosal erosion, gastric ulcers,
and superficial gastritis. Therefore, screening ultrasonography
should be considered when individuals are found to have gastric
polyps, AG, or H. Pylori infection after EGD.
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